Objective: To consider whether consumption of black tea has a positive or negative impact on health. Design: Databases were searched for relevant epidemiological and clinical studies published between 1990 and 2004. Results: Clear evidence was found for coronary heart disease (CHD), where an intake of X3 cups per day related to risk reduction. The mechanism could involve the antioxidant action of tea polyphenols. While experimental models have suggested that flavonoids attenuated cancer risk, epidemiological studies failed to demonstrate a clear effect for tea, although there is moderate evidence for a slightly positive or no effect of black tea consumption on colorectal cancer. Studies on cancer were limited by sample sizes and insufficient control of confounders. There is moderate evidence suggestive of a positive effect of black tea consumption on bone mineral density although studies were few. There is little evidence to support the effect of tea on dental plaque inhibition but evidence to support the contribution of tea to fluoride intakes and thus theoretical protection against caries. There was no credible evidence that black tea (in amounts typically consumed) was harmful. Normal hydration was consistent with tea consumption when the caffeine content was o250 mg per cup. A moderate caffeine intake from tea appeared to improve mental performance, although sample sizes were small. There was no evidence that iron status could be harmed by tea drinking unless populations were already at risk from anaemia. Conclusions: There was sufficient evidence to show risk reduction for CHD at intakes of X3 cups per day and for improved antioxidant status at intakes of one to six cups per day. A maximum intake of eight cups per day would minimise any risk relating to excess caffeine consumption. Black tea generally had a positive effect on health. Sponsorship: The Tea Council. The authors confirm that the sponsors played no role in the writing of this review.
Introduction
Tea is the most consumed beverage in the world after water, drunk in the UK for 350 years and in Asia for more than 4000 years. Data on over 7000 adults from the UK National Diet and Nutrition Survey (NDNS) Henderson et al. (2002) , indicate that 77% of people drink tea, with a mean consumption of 2.3 mugs (540 ml) per day. Men and women drink similar amounts, while 46% drink unsweetened tea (52% women, 39% men). Those aged 50-64 years consume more black tea than 19-to 24-year olds (mean consumption 644 vs 298 ml).
Antioxidants play an important role in the prevention of chronic diseases. Fruits and vegetables are frequently cited as good sources but mean European intakes remain below the recommended 5-a-day (Naska et al., 2000) . Other useful sources are tea and red wine, which are rich in flavonoids, a group of polyphenols which possess considerable antioxidant power and have been shown to impede the actions of free radicals (Dufresne and Farnworth, 2001 ). Tea makes a significant contribution to dietary intakes of flavonoids; one UK study estimated a figure of 82% (Hertog et al., 1997) . This impacts significantly on plasma antioxidant capacity when up to six cups per day are consumed (Rietveld and Wiseman, 2003) , although interpretation of the eight studies reporting this was hampered by differences in assay methods and how results were expressed.
Black tea, as typically brewed in the UK, contains about 200 mg flavonoids per cup (Wiseman et al., 1997) . Table 1 shows the key flavonoids and their components as a percentage of dry weight. Green tea leaves contain more catechins, while black tea leaves, which undergo oxidation during manufacturing, contain more complex thearubigins and theaflavins. As yet, these have been more difficult to identify than the single catechins but they also exhibit antioxidant activity (Rietveld and Wiseman, 2003) . Flavonoids in tea are absorbed from the upper intestine, more rapidly in the case of the catechins present in green tea (Rietveld and Wiseman, 2003) , although plasma antioxidant potential is similar after consuming green vs black tea (Leenen et al., 2000) . The uptake of theaflavins found in black tea is relatively low compared with catechins, but this may be masked by imprecise methodologies that do not detect all of the theaflavin metabolites (Mulder et al., 2001) . Drinking three cups of tea per day for 2 weeks (at a strength of 2 g dry tea per cup) increased the concentration of flavonoids in the blood by 25% (Hollman et al., 1997) .
Consumption of flavonoids could lower the risk of coronary heart disease (CHD) via a number of mechanisms. Firstly, the antioxidant capacity of flavonoids may improve endothelial function by lowering oxidative stress. Better endothelial function impacts on vasomotor tone, platelet activity, leukocyte adhesion and vascular smooth muscle cell function. Human studies have shown that black tea flavonoids improve coronary circulation (Hirata et al., 2004) and attenuate endothelial disfunction (Duffy et al., 2001) , although the latter may be influenced by individual variation in flavonoid metabolism (Hodgson et al., 2006) . Secondly, tea flavonoids have also been shown to reduce low-density lipoprotein (LDL) cholesterol by 11.1% (Davies et al., 2003) . Thirdly, in vitro and animal studies have revealed effects that go beyond antioxidant capacity, for example, reduced expression of endothelial adhesion molecules (Ludwig et al., 2004) , stimulation of an anti-inflammatory response (Lin et al., 1999) , and gene expression favouring improved smooth muscle function (Kim and Moon, 2005) . Turning to the role of flavonoids in cancer, free radical activity seems to increase the number of DNA mutations, an early stage in cancer pathogenesis (Duthie, 2000) . Antioxidants are known to protect DNA and cell membranes from oxidation and this has led to an emphasis on antioxidant-rich foods in public health nutrition.
It is common practice in the UK to consume tea with milk and, as yet, there is no consensus on whether proteins in milk might bind to flavonoids and reduce their activity. One study of 9 healthy volunteers found that the addition of milk reduced antioxidant power (Langley-Evans, 2000) , while a slightly larger study (n ¼ 21) found no difference in antioxidant status when volunteers consumed tea with and without milk (Leenen et al., 2000) . Further research on 18 healthy adults showed no effect on antioxidant status (as measured by catechin availability) when milk was added to black tea (Van het Hof et al., 1999) . Work from the same group showed that the bioavailability of the flavonols, quercetin and kaempferol, were not affected by the addition of milk (Hollman et al., 2001) . From these studies, it would appear on balance that milk is unlikely to reduce the bioactivity of tea flavonoids.
The potential antioxidant power of black tea means it could have a role in helping consumers reduce their risk of CHD and cancer. Yet it is frequently suggested in the media that tea has an adverse effect on fluid balance, cognitive function, bone health, dental health and iron status, often related to its caffeine content. This review will use the available published literature to investigate whether black tea consumption is helpful or harmful in relation to health.
Methods
The Cochrane Library and MEDLINE were searched for epidemiological evidence and clinical trials relating to Seven key areas of tea and health. These were coronary heart disease, cancer, mood and cognitive performance, hydration, iron status, dental health and bone health (see Appendix A for search terms). The search was limited to black tea as this represents 78% of the tea produced worldwide and is the most common variety drunk in Western countries. Many previous reviews have not differentiated between types of tea and this can lead to ambiguity in the conclusions.
Dates of publication were restricted to January 1990 to September 2004. Inclusion criteria were: (a) studies on black tea, (b) adults as subjects, (c) set in Western counties (to focus on tea 'as drunk' in the Western style). Where more than one type of tea was considered, results from black tea had to be clearly differentiated before the study was included. The SIGN 50 Guidelines (SIGN, 2001) , which inform literature gathering for reviews, were simplified and adapted to include epidemiological evidence. These were used to guide the weight placed on studies when forming conclusions, that is, randomized controlled trials and meta-analyses were given more weight than epidemiological studies (see Appendix B). Black tea -helpful or harmful? EJ Gardner et al
Results
Coronary heart disease (CHD) CHD is still the most common cause of death in the UK. Consumption of black tea has been associated with a lower incidence of heart disease/cardiac death and a reduction in risk factors. Searches were limited to studies that examined an effect or association (either positive, negative or null association) between black tea intake and heart health/ disease in adults. The approach adopted by some studies was to evaluate the effect of additional tea or flavonoids on the factor under investigation. This can provide useful supplementary data and insight into likely mechanisms, but only if there are good data on total tea or flavonoid intake (both background and added). Thus, two studies which failed to report some background data on habitual nutrient intake or at least flavonoid intake were excluded because it would be impossible to assess whether tea/flavonoids or another dietary variables were responsible for associations. Other exclusion criteria were studies using extreme test diets, those that did not separate stroke events, those that only assessed cardiac risk factors (20 studies) and those studies with duplicate cohorts (five studies). Two meta-analyses on black tea consumption were located (Peters et al., 2001; Huxley and Neil, 2003) and relevant findings from these were incorporated into the present review with two exceptions. In the review by Huxley and Neil, 2003 , one study contained no data on tea intake, while in the review by Peters et al., 2001 , one study used only green tea. In total, 21 studies met our inclusion criteria and are described in Table 2 . Epidemiological data linking black tea consumption to a reduced CHD risk appeared robust. The meta-analysis by Peters et al. (2001) reported that the incidence rate of MI was estimated to decrease by 11% with an increase in black tea consumption of three cups per day (one cup ¼ 237 ml) with a fixed-effects relative risk (RR) estimate of 0.89 (95% confidence interval: 0.79, 1.01). Two case control studies provided additional evidence of the RR estimate for 3 cups/ day. Sesso et al. (1999) reported a RR of 0.31 (95% CI:0.09, 1.02), while Gramenzi et al. (1990) reported a RR of 0.29 (95% CI: 0.01, 0.81). In contrast, two UK epidemiological studies have found positive associations with tea or flavonols. Hertog et al. (1997) reported that flavonol intake was positively associated with CHD, while Woodward and Tunstall-Pedoe (1999) , in the Scottish Heart Study, revealed a modest positive relationship between tea consumption and all-cause mortality, including CHD. However, on closer examination, these studies failed to control for confounders associated with tea consumption and CHD risk, for example, lower socio-economic status, long-term smoking and higher dietary fat intakes.
While associations cannot prove cause and effect, particularly where other dietary components are likely to be at work, the case for black tea was strengthened by the existence of experimental data suggesting a plausible mechanism. Phenolics, such as polyphenols and the subgroup flavonoids, are powerful antioxidants capable of impacting favourably on CHD risk factors. Flavonoids are shown to prevent the oxidation of LDL (Davies et al., 2003) , reduce clotting and improve coronary vasodilation (Mojži-šová and Kuchta, 2001) ; while plant polyphenols, such as those in tea and cocoa, increase plasma antioxidant levels (Weisburger, 2001) . Black tea appears to have a greater impact on ex vivo lipoprotein oxidation than green tea (Hodgson et al., 2000) . It has been hypothesized that manganese in black tea could impact positively on heart disease risk, via the role of manganese superoxide dismutase in supporting cardiac muscle function and attenuating lipid peroxidation. One study examined the effect of tea drinking on markers of Mn status, finding no significant association (Hope et al., 2006) .
Cancer
It has been suggested that plant antioxidants, such as those found in tea, red wine and cocoa, can help prevent and control cancer development. This has arisen from experimental (mainly animal) work on green tea catechins, although polyphenols in black tea are increasingly being studied in both animals and humans. Flavonoids may also exert other effects unrelated to their antioxidant capacity, for example, anti-inflammatory effects (Aneja et al., 2004) and inhibition of tumorigenesis (Ju et al., 2005) .
Epidemiological and other evidence on black tea and cancer risk in adults were reviewed. Studies that examined only flavonoid intakes were excluded as these could potentially come from a variety of food sources. Also excluded was a paper reviewing tea and bladder cancer (Lu et al., 1999) because it combined results from oolong, black and green teas. In all, 26 studies were located and are described in Table 3 .
In cancer sites other than colorectal cancer, the number of studies including data on black tea were extremely limited and, at times, conflicting. Thus, it is not possible to draw conclusions until further human studies are published. Prospective studies relating to colorectal cancers were more numerous and indicated either no relationship or a protective effect of tea at mean intakes of 1.5 cups per day or more. However, other authors dispute a relationship between tea and colorectal cancer. Arab and Il'yasova, 2003 , reviewed 30 studies (most of which were included in our review) and suggested that differences in food habits, lifestyle, heredity, age, gender and environment made the data on colorectal cancer difficult to interpret. They report that, in some studies, confounding factors created more variation in cancer outcomes than the tea consumption itself. Studies from the Far East and Italy have attempted to correct for any effects of confounders but the numbers of black tea consumers in these were too low to be of use here (Tavani et al., 1997; Inoue et al., 1998) . Only two studies implied harm and these were Far Eastern studies where black tea consumption was associated with an increase in colorectal cancer (Kato et al., 1990; Inoue et al., 1998) . However, Arab and Il'yasova, 2003 , suggested that the tea consumers in these studies adopted other Western habits that may have increased their risk of colorectal cancer, for example, highsaturated fat, low-fibre diets. The epidemiological evidence does not appear consistent enough to enable firm conclusions about associations (although it is evident that black tea is not harmful). The area of colorectal cancer, where there was moderate evidence for a slightly positive or no effect of black tea consumption, merits further study but requires better control of confounders to differentiate any associations of tea consumption from those linked to other lifestyle factors.
Dental health
The pathogenesis of dental caries involves the fermentation of carbohydrates by plaque bacteria, a byproduct of which is acid. This causes demineralization of tooth enamel over time (Kandelman, 1997) . Fluoride -both systemic and topicalattenuates the risk of demineralization.
The tea plant naturally accumulates fluoride from the soil and can contain 196 mg per 2 g dry tea (around one teabag) (Panya-ngarm, 1988) , although the fluoride content of a cup of tea can exceed this if fluoridated water is used during brewing. The FSA Total Diet Study (FSA, 2000) estimated that 1 l of tea (four to five cups) prepared with fluoridated water would make a significant contribution to fluoride intake, that is, 0.03 mg/kg body weight (2.2 mg/day for a 70 kg adult based on usual methods of preparation by consumers). If made from non-fluoridated water, the concentration would be 0.34-3.71 mg/l (mean ¼ 1.5 mg/l) (Chan and Koh, 1996) . Decaffeinated teas in America have been shown to contain higher levels of fluoride ranging from 1.01 to 5.2 mg/l (mean ¼ 3.19 mg/l) (Chan and Koh, 1996) , possibly due to the use of fluoridated water during the decaffeination process. A systematic review has suggested that fluoride from tea may benefit dental health (NHS CRD, 2000) .
Studies that examined the impact of tea on the various stages of caries development (including those considering bactericidal effects on plaque bacteria) were included in this review. Five studies were found to fulfil the inclusion criteria, details of which are in Table 4 . Studies were excluded if they were based on animal experiments or interventions in children, while others were excluded because they used green tea, or the semi-fermented oolong tea, as test substances. Catechin levels are higher in these types of teas and may have an anti-cariogenic effect by inhibiting oral bacterial growth (Hamilton-Miller, 2001) .
Few trials in adults were found and they provided varying results which were limited by small sample sizes. The most positive evidence was reported by Zhang and Kashket, 1998 , who suggested that brews of black tea suppress salivary amylase activity. This, in turn, can reduce the cariogenic potential of starch which acts as a slow-release source of fermentable carbohydrate. Other studies showed that black RCT, randomized controlled trial; tHcy, serum homocysteine; CVD, coronary heart disease; OR, odds ratio; RR, relative risk; NS, non-significant; LDL, low density lipoproteins; HDL, high density lipoproteins; BP, blood pressure. tea decreased tooth surface pH (Simpson et al., 2001) , and suppressed the growth and virulence of periodontal pathogens in vitro (Wei and Wu, 2001) . Studies that tested the impact of black tea on plaque demonstrated no significant fall in pH or lowered plaque index except when used as a rinse 10 times per day. It was suggested that the anti-cariogenic properties of black tea were most likely mediated by its contribution to fluoride intakes, rather than as a plaque inhibitor. No studies indicated that tea was detrimental to adult dental health, although there were no specific studies on the effects of sweetened tea. A study on sweetened liquids showed that seven exposures per day did not result in net demineralization when fluoride was present so this may indicate that sweetened tea is unlikely to be harmful to dental health when consumed at current levels (Duggal et al., 2001) .
Bone health
There have been suggestions that bone mineral density (BMD) may be influenced by chemical compounds in tea such as caffeine, fluoride and phytoestrogens. Studies looking at BMD, fractures and black tea consumption were searched. This yielded five epidemiological studies that met the inclusion criteria, details of which are in Table 5 . Studies that looked at the effects of caffeine in isolation, rather than as a component of black tea were excluded as were studies on tea consumption and BMD in the Far East (as these covered a variety of teas). The available evidence suggested that black tea consumption had a moderately positive effect on BMD, particularly in older women. There was a significant increase in BMD with higher levels of tea consumption (four or more cups per day) (Chen et al., 2003) . Black tea was also identified as an independent protective factor for the risk of hip fractures in men in the Mediterranean Osteoporosis Study (Johnell et al., 1995; Kanis et al., 1999; Hegarty et al., 2000) reported that this effect was independent of the addition of milk to tea. In the UK, black tea consumption increases the overall calcium intake of middleaged women by around 3% of the Reference Nutrient Intake due to the routine addition of milk (Harland, 2004) .
Impact of caffeine
Data based on 400 samples of tea from family homes, workplaces and retail outlets from 10 areas across the UK suggest that the caffeine content of an average cup of tea is 17 mg/100 ml (40 mg per 235 ml cup with a range of 1-90 mg) (FSA, 2004) . In comparison, coffee supplies 75-100 mg per cup (FSA, 2001b) . There is controversy about the effects of caffeine on health. Some authors claim that excessive intakes of caffeine are related to hypertension, dehydration, anxiety, insomnia and birth defects (Green and Suls, 1996; Neuhauser-Berthold et al., 1997; Nuriminen et al., 1999; FSA, 2001b; Smith, 2002) . Others suggest positive effects on cognitive performance, physical endurance, fatigue and alertness at intakes of 60-400 mg caffeine per 10 healthy subjects; 21-23 years Tooth surface pH assessed in situ, 100 ml of tea solution (40 g tea leaves in 4 l deionised water)
Only small decreases in pH detected with high inter-subject variation. Resting pH restored within approximately 2 min. No impact of tea.
Lingstrom et al.
10 healthy subjects Crossover RCT varying number of times rinsed with tea (5 vs 10 times/day) with water as control
Rinsing with black tea infusion 10 times/day resulted in attenuated fall in pH (Po0.05 or o0.01), lower plaque index (Po0.05), higher fluoride concentrations in plaque and saliva vs water. Zhang and Kashket (1998) 15 healthy subjects Consumption of salt crackers followed by rinse with black tea vs green tea vs tap water. Maltose release monitored
Black tea infusion significantly more effective than green tea Rasheed and Haider (1998) 40 patients with caries (28 male, 12 female), 18-45 years Bacteria isolated from samples of dental plaque and incubated with discs impregnated with tea extracts (black and green) and three designated antibiotics
No impact of black tea extracts on any types of bacteria Attin et al. (1995) 30 healthy subjects 3 days x-over trial rinsing with black tea vs Meridol (positive control) vs tap water (negative control) 3 times/day after meals. Plaque surface area tested.
No oral hygiene during trial
Decrease in plaque surface area after rinsing with Meridol (plaque score 15%) but no difference seen with tea or water (plaque score 22-24%). Tea ineffective against plaque.
Abbreviation: RCT, randomized controlled trial.
Black tea -helpful or harmful? EJ Gardner et al day (Warburton, 1995; Graham, 2001; Smith, 2002) . The majority of adverse studies have considered caffeine alone, or in coffee, and have used experimental intakes far in excess of what would be reasonably ingested (i.e. 300-600 mg per day equating to 9-18 average cups of tea in a single bolus). We examined studies addressing the impact of caffeine from tea on mood, performance and hydration.
Mood and mental performance
Six studies were reviewed and are shown in Table 6 . The effects of tea were in a positive or neutral direction overall, although the low sample sizes must be taken into account. Black tea ingestion seemed to produce a rapid increase in alertness and self-reported improvements in mood. The capacity to process information was also increased, while adverse effects on sleep duration or quality were not evident. When taken in regular amounts throughout the day, black tea appeared to prevent the diurnal pattern of performance reduction (Hindmarch et al., 1998) . As tea is not a highcaffeine drink, factors other than caffeine may be influencing these results, for example, a specific psychological response to tea drinking or other constituents in tea (Hindmarch et al., 1998; Quinlan et al., 2000) . One example is an amino acid found in tea (theanine) which could act as a neurotransmitter. A study in rats found that theanine modulated serotonin and dopamine levels and appeared to improve memory and learning ability (Unno et al., 1999) . Work on humans is needed to confirm this finding.
Hydration
Fluid balance is vital for physical and mental performance. The National Drinks Survey, 2003, suggests that tea contributes significantly to fluid intakes, particularly in those aged 65 years and over where it represents 85% of beverage consumption. It is a common perception is that caffeinecontaining drinks cause a net loss in fluid and may lead to dehydration. Again, many of the studies investigating this have used high doses of caffeine, often as a bolus. When caffeine is given in this way, there is indeed evidence of a diuretic effect but this is not relevant to normal use of caffeine-containing beverages where the caffeine would be consumed with 200-250 ml of fluid. An extensive review of the scientific literature by Maughan and Griffin (2001) , attempted to separate out those studies using 'experimental' caffeine doses from those considering 'real life' consumption. They concluded that 'there is no evidence base for the assumption that all caffeine-containing drinks should be avoided in situations where fluid balance is, or might become, precarious'. It was found that tea consumption did not produce a diuretic effect unless the amount of tea consumed at one sitting contained more than 300 mg of caffeine (equivalent to six or seven cups of tea).
This position was confirmed by a study (Scott et al., 2004 ) that compared regular tea consumers with non-consumers in a crossover study of fluid balance during extreme physiological stress. Participants were members of an expedition at Mount Everest Base Camp. Even when tea was drunk at high altitude, where the risk of dehydration is considerable, there was no evidence that tea produced a diuretic effect when consumed by habitual tea drinkers. It would appear that a moderate intake of caffeine from tea is not harmful and could be helpful. However, it is acknowledged that the upper extremes of consumption could pose some risk. Nawrot et al., 2003 , have suggested that a safe maximum daily caffeine intake is 300 mg for pregnant women and 400 mg for other adults. Caffeine consumption for most tea drinkers in the UK is within the range of 300-400 mg/day, based on the available data on mean intakes (NDNS, 2002) . While the Food Standards Agency (FSA) promotes the 300 mg/day limit for pregnant women (FSA, 2001a) , there is currently no official advice on daily caffeine intakes for the rest of the population.
Iron status
It has been suggested that phenolic compounds in black tea could have an adverse effect on iron uptake in the diet, particularly in vulnerable groups such as children, elderly, pregnant women and those with low iron stores. A systematic review described 35 studies (published 1980-2002) on the impact of tea drinking on iron status in the UK (Nelson and Poulter, 2004) . The authors concluded that, while tea drinking limited the absorption of non-haem iron from the diet, there was insufficient evidence to conclude what effect this would have on indicators of overall iron status. Whether or not milk was added made little difference to the findings. It was suggested that healthy people with a minimal risk of iron deficiency had no cause to restrict tea consumption while, for groups at risk of iron deficiency, tea drinking should be avoided at mealtimes.
An earlier review on tea consumption and iron status (Temme and Van Hodonck, 2002) concluded that tea drinking did not pose a risk to iron status in Western populations as the overall risk of iron deficiency is low. Both of these reviews included studies on children as well as on adults. To be included in the present review, the conclusions for adults had to be clearly differentiated and this was indeed the case. A Medline search revealed no additional studies on this topic up to September 2004.
Discussion
A summary of the results from this review is given in Table 7 . Evidence for positive effects were found to relate to consumption of black tea, most consistently in the case of CHD. It is likely that the mechanism for this involves the antioxidant properties of tea polyphenols as these can protect cells from oxidation by free radicals (Mojžišová and Kuchta, 2001) . Certainly the majority of human studies (Rimm et al., 1996; Hirvonen et al., 2001; Arts et al., 2001a) , while work on animals indicated that black tea improved plasma lipid profiles and reduced the oxidation of LDL and VLDL following a highcholesterol diet (Vinson and Dabbagh, 1998) . For cancer, benefits relating to tea consumption were far less clear. Experimental studies have certainly shown benefits for tea components but these have not been mirrored in the epidemiological data. The area of colorectal cancer has received the most attention and there is a growing body of mechanistic and animal work. It has been postulated that tea polyphenols act in the gastrointestinal tract by modulating the composition of the gut microflora (Weisburger and Chung, 2002) . A high content of clostridia and a low percentage of bifidobacteria have been observed in the intestinal microflora of patients with colon cancer (Siddiqui et al., 2004) . Animal studies on green tea show that polyphenols selectively inhibit the growth of clostridia and promote bifidobacteria colonisation, leading to a drop in faecal pH (Yamamoto et al., 1997) . As yet, no studies of this type have been carried out using black tea in humans. Other proposed mechanisms include roles for tea flavonoids and other polyphenols in (a) protecting colonic cell membranes from free radical damage; (b) regulating cell growth and apoptosis; (c) promoting detoxifying enzymes (Weisburger and Chung, 2002) .
While tea did not appear to be harmful and plausible mechanisms for cancer prevention existed, there was insufficient evidence from human research as yet to claim benefits in relation to cancer prevention. Reasons for this may be the high doses of tea components used experimentally, insufficient control of confounders in epidemiological research and small samples sizes (i.e. 60-90 tea consumers per study). Epidemiological data that suggest tea consumption contributes to cancer prevention do exist, however, these failed to differentiate between green, black or oolong tea and would not have met the inclusion criteria for this review. Studies of colorectal cancer suggested either a slightly positive effect or null effect; although an important review concluded that data published before 2002 were not sufficiently persuasive (Arab and Il'yasova, 2003) . Future epidemiological studies need larger numbers of black tea consumers and better control of confounders to throw further light on this area.
The number of studies on bone health and dental caries was small and indicated a positive effect of tea, less convincingly in the case of dental health due to the lack of large human studies. For bone health, several suggestions have been put forward concerning likely mechanisms. These include the contribution of tea to dietary fluoride, which could alleviate osteoporotic progression, (Hillier et al., 2000) , the impact of flavonoids (including phytoestogens) on bone mineral content, inhibition of bone resorption by tea extracts (Delaisse et al., 1986) , and involvement in bone mineral metabolism (Zeyuan et al., 1998) . These may work independently or together, but certainly require further investigation.
Turning to areas where tea consumption could be potentially harmful, we found no consistent evidence that normal tea drinking impacted adversely on mood, mental performance, hydration or iron status in Western populations. In the case of mental performance, five out of the six studies demonstrated positive effects of tea, although sample sizes were low. Some risks to iron status and hydration were apparent at high levels of consumption and, based on estimates of healthy caffeine consumption; it would be wise to encourage intakes of tea to remain below eight cups per day. For high-caffeine beverages, this figure would be lower.
One challenge in interpreting the evidence concerning tea and health is the diversity of the beverage as drunk by the population. In this review, studies were limited to black tea in Western countries to attempt to control for this. However, this leaves other sources of variation such as grams of dry tea per cup, brew time and temperature, tea growing conditions, processing and blending. Future studies would be more helpful if they defined tea preparation and consumption patterns, and attempted to control or adjust for confounders known to impact on disease. While the addition of milk to tea does not seem to interfere with flavonoid absorption or activity (NHS CRD, 2000; Hollman et al., 2001) , it is not clear if other factors do, for example, the frequency and timing of tea intake in relation to meals, the addition of sucrose or lemon, and variations in gut microflora.
Conclusion
It is always difficult to translate diverse scientific findings into public health messages, yet it is a logical step. Assuming a minimal variation in tea preparation between individuals, the evidence points towards an intake of at least three cups a day for CHD prevention, one to six cups per day for significant increases in plasma antioxidant capacity and less than eight cups of tea per day for the avoidance of adverse effects on hydration and iron status (to manage intakes of caffeine and phenolic compounds from tea). For cancer, bone health and dental health, there was insufficient evidence to make any recommendations about intakes.
